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$A_{\aleph}X$ $A\cross X$ $(a, x)(b, y)=(a\theta_{x}(b), xy)$ (
$\theta_{x}$ $\theta_{xy}=\theta_{x}\circ\theta_{y}$ $X$ $A$ )
$\theta_{1}=$ id $A,$ $\theta_{x}^{-1}=\theta_{X}-1$
1630 2009 128-137 128
: $G=X_{1}\aleph$
$X_{2}\rangle 4\cdots\rangle\triangleleft X_{n}$ $X_{k}(k=1,2, \cdots, n)$
$X\cong X\rangle\triangleleft\{e\}$ $G$
2 $N$ $M$ $G$ $N$ $\overline{N}$ $G$
$M$ $G$ $N$ $M$
$1arrow Narrow\varphi Garrow\psi Marrow 1$
Schreier
:
Schreier . $G$ $N$ $M$ $\sigma,$ $\tau\in$
$M$ $N$ $s_{\sigma},$ $s_{\tau}$ $\exists c_{\sigma,\tau}\in N$ ;
$s_{\sigma}(s_{\tau}(a))=c_{\sigma,\tau}(s_{\sigma\tau}(a))c_{\sigma\tau,|}^{-1}$ $(\forall a\in N)$ (1)
$c_{\sigma,\tau}c_{\sigma\tau,\rho}=s_{\sigma}(c_{\tau,\rho})c_{\sigma,\tau\rho}$ (2)
$G=\{as_{\sigma}|a\in N, \sigma\in M\}$
$as_{\sigma}bs_{\tau}\equiv(as_{\sigma}(b)c_{\sigma,\tau})s_{\sigma\tau}$ (3)
$\overline{N}=\{\overline{a}=ac_{1,1}^{-1}s_{1}|a\in N\}\triangleleft G$ $G/\overline{N}\cong M$
$\{s_{\sigma}, c_{\sigma,\tau}\}$ $M$ 2-cocycle
(1) $\sigma=1,$ $\tau=1$ $s_{1}(s_{1}(a))=c_{1,1}s_{1}(a)c_{1_{\dagger}1}^{-1}$ $s_{1}(a)=x$
$s_{1}(x)=c_{1,1}xc_{1,1}^{-1}$
(2) $\tau=1,$ $\rho=1$ $c_{\sigma,1}c_{\sigma,1}=s_{\sigma}(c_{1,1})c_{\sigma,1}$ $c_{\sigma_{J}1}^{-1}$
$\grave$




2 $(s_{\sigma}, c_{\sigma_{t}\tau}),$ $(t_{\sigma}, d_{\sigma,\tau})$
$\forall\sigma\in M$ , $n_{\sigma}\in Ns.t$ . $t_{\sigma}(n)=s_{\sigma}(n_{\sigma}nn_{\sigma}^{-1}),$ $d_{\sigma,\tau}=n_{\sigma}(s_{\sigma}(n_{\tau}))c_{\sigma,\tau}n_{\sigma\tau}^{-1}$
. $1=n_{\sigma}(n_{\sigma}(n_{\tau}))c_{\sigma,\tau}n_{\sigma\tau^{\text{ }}}^{-1}$ $n_{\sigma}s_{\sigma}(n_{\tau})c_{\sigma,\tau}=n_{\sigma\tau}$
$1arrow\psi_{1}Narrow\psi_{2}Garrow\psi_{3}Marrow\psi_{4}1$
$\psi_{3}\circ\psi_{3}’=$ id $M$





A $B,$ $C,$ $D$ 90 $E,$ $F,$ $G,$ $H$
$\xi$
$\eta$ 2










$\{A\}\triangleleft\{A,$ $C\}\triangleleft\{A,$ $B,$ $C,$ $D\}\triangleleft D_{4}$
subnormal sequence
2 $D_{4}$
$D_{4}$ $S_{2}$ Schreier $G$ :
$1arrow D_{4}arrow Garrow S_{2}arrow 1$ (exact)
$s_{1}(n)=c_{1,1}nc$ $c_{1,1}=F$ $s_{1}(n)=$
$FnF^{-1}$





c2,2 $=E$ $D_{4}$ $S_{2}$
130
$As_{1}$ $Hs_{1}$ $0$ 7 $As_{2}$ $Hs_{2}$ 8 15
$F$
$a$ $b$ $\langle a\}\langle b\rangle$
131
polycyclic group
$G[N]= F\rangle\triangleleft\frac{N-4}{S_{2}\rangle\triangleleft S_{2}x\cdots xS_{2}}$
( $F$ : )
$F$ $S_{2}$
$ns_{k_{1}}\cdots s_{k_{\mathfrak{n}}}\in F_{\aleph}S_{2}\rangle\triangleleft S_{2}n\cdots nS_{2}$
$s_{1}(X)=X,$ $s_{2}(X)=YXY^{-1}$ $s_{2}(X)=\langle 6\rangle X\langle 6^{-1}\rangle=$









2301 647610 11 89 13 12 15 14 18 19 16 17 21 2023 22 26 27 2425 29 2831 30
$01234567S910111213141516171S19202122232425262728293031$






$S$ 1110913121415 $0321546724272626292S303116191S172120$ 2223
10 98 11 12 13 15 142 1 $034576262524272S2931301817161920212322$
11109 $S151413123210765427262524313029281918171623222120$
$9S111014151213103267452624272630312S291716191S22232021$
$2022212318161917293128302426252746572$ 03113151214 $S$ 10911
23202221191716 1830 2931 28 25 2726 24 7 4 6 5 3 1 021413151291110 $S$
21232022161SI7I92S3O293I262427256746O2I3I2141316108119
2221 2320 17 1918 1631 28302927262426657413201612 1413119810
16 17 18 19 21 202322 26 27 242528293031 0123547610118912 131415
l $S$ $1916172021222324252627292S313023$ 014567 $S$ 9 $1011$ 13121614
$1916171S23222021252627243031292S3012764691011S14151312$
$17$ l $S$ $1916222321202724252631302S291230676411S91016141213$
293028312624252720232122 $161S19171314121510$ $S$ 91147660231
$302S312927252624232122201719161S1412151311910$ 8756413 02
$2S31293024262725212220231S16171912161314$ $S$ 1011956472013
3129 3028 25 27 2426 22 20 2321 19 17 18 16 15 13 14 12 9 11 8 106 47 5 3 1 2 $0$
$26262427292S303116191S17202123$ 221098 11 13 12 14 1603214576
$242726252S2931301817161921202223$ $S$ 1110912131514210 $S$ 6467
$252427263130292S191S1716222320219S111015$ 14131232106745
27262624 3 $312S29$ $17$ $16$ $191S232221$ $2011$ $109S14$ $15$ $12$ $13$ $1$ $0327654$
$F_{\aleph}S_{2}$ $F$ $F$
16 $(X_{1}\langle 6\}X_{2}\langle 7\rangle$
) $+16$ $(X_{1}\{6\rangle X_{2}\{7\}+$
$16)$ $F\aleph S_{2}\cdots$
132
$\varphi(\{A\})=\{\tilde{F}\}\triangleleft\varphi(\{A,$ $C\})=\{\tilde{F},\tilde{E}\}\triangleleft\varphi(\{A,$ $B,$ $C,$ $D\})=\{\tilde{F},\tilde{G},\tilde{E},\tilde{H}\}\triangleleft\varphi(D_{4})$
$\triangleleft F\triangleleft FxS_{2}\triangleleft FxS_{2}xS_{2}\triangleleft\cdots\triangleleft F_{\aleph}S_{2}\aleph S_{2}\chi\ldots\rangle\triangleleft S_{2}=G[N]$
$F\rangle\triangleleft S_{2}\rangle\triangleleft\cdots\rangle\triangleleft S_{2}$
4.
(1) $N$ (8 $N$ )
$S_{2}$ $G[N]=F\lambda S_{2}\rangle\triangleleft$
$S_{2}\cdots\rangle\triangleleft S_{2}$ $G[N]$ $G[N]$ $N$
/ JIS
8 $N$




$[A_{0}=p\parallel 2^{N}\parallel\cdots\parallel 2^{N}mod 2^{N},$















$[Q_{0}, Q_{1}, \cdots]$ 8
$L/8$








Bob $b_{1},b_{2}$ Alice Bob Bob
Alice 2
$a_{1}=A/2^{N}mod 2^{N}$ , $a_{2}=Amod 2^{N}$ (9)
$t_{1},$ $t_{2}$
$t_{1}=\langle a_{1}\rangle(b_{1}\rangle,$ $t_{2}=(a_{2}\}\langle b_{2}\rangle$ (10)
Alice Bob , Bob
Alice
5.
$N=6$ $G[6]=F\rangle\triangleleft S_{2}\aleph S_{2}$ Alice
2 $a_{1}=20,a_{2}=32$ , $r=7682905$
(8) Alice $A=31469180192$ Bob
$b_{1}=42,$ $b_{2}=47$ Alice Bob
Bob (9) $a_{1}=20,a_{2}=32$ (10)
$t_{1}=\langle 20)\{32\rangle=56$ $t_{2}=\langle 42)\{47\rangle=11$
red $g_{\rfloor}$ / JIS
[114, 101, 100, 227, 79, 159, 126]
134
$L$ 8 6 $L=24$ $L/8=3$ 3
8 7
3 9 $0$ 2
$([114, 101, 100, 227, 79, 159, 126, 0,0])$ (4)






[28, 38, 21, 36] [56, 52, 62, 31] $[$31, 32, $0,0]$
8 $[$ 114, 101, 100, 227, 79, 159, 126$]$ 6
$[$28, 38, 21, 36, 56, 52, 62, 31, 31, 32, $0,0]$
2 $t_{1},$ $t_{2}$ $t_{1}=$
$56,$ $t_{2}=11$
$[$28, 38, 21, 36, 56, 52, 62, 31, 31, 32, $0,0]$
$[$43, 36, 51, 37, 15, 21, 14, 44, 44, 40, 8, 8$]$
6 $[$43, 36, 51, 37, 15, 21, 14, 44, 44, 40, 8, 8$]$ 8
(6)




[11422949, 4019116, 11698696] (7)
11422949 4019116 11698696
$\downarrow$ $\downarrow$ $\downarrow$
[174, 76, 229] [61, 83, 172] [178, 130, 8]
6 [43, 36, 51, 37, 15, 21, 14, 44, 44, 40, 8, 8] 8







$T[0][0],T[0][1|,T[1|[0|,T[1|[1]$ $c_{1,1},$ $c_{1,2},$ $c_{2,1}$ , c2,2
$\lceil_{\rfloor}^{\wedge}$ xx
$-$
yy $3\propto$ yy 2
yy$=0$ yy$=1$
def kake$0(v,w)$ # $F$
$yy=v/8;y=D4[v/.8]$
xx$=w/8;x=D4[w^{1}/|8]$
if $yy==0$ then $($ suu $(y*F*x*F*T[0][($xx $\wedge$yy$)^{\wedge}1])+($xx $\wedge$yy$)*S)$




hani $2^{N}$ $2^{N+1}-1$ $2^{N}$ $($
$N>4,0$ 31 $16(=2^{4})$ ) $y<16$ $x<16$
kake$0$ $y<$hani(x)
$x<$hani $($y)
def kake $(y,x)$ #




elsif $(x$ hani $(y))$
kake (kake (kake (($y/$hani $(y)$ ) $.6$), $x$), $7$ ) $+hani(y)$
else










Arithmetica $S$ $T$ $G$
2 $\{s_{1}, \cdots s_{n}\},\{t_{1}, \cdots t_{n}\}$
$x^{y}$ $y^{-1}xy$
Alice Bob 2 1 $G$ $S,$ $T$
$k_{j_{J}}\ell_{j}\in N,$ $a,$ $b\in G$
Alice $a=s_{i_{1}}^{k_{1}}\cdots s_{i_{n}}^{k_{n}}\in S$ $t_{1}^{a},$ $\cdots$ , $t_{n}^{a}$
Bob $b=t_{i_{1}}^{\ell}1\ldots t_{i_{n}}^{\ell_{n}}\in T$ $s_{1}^{b},$ $\cdots,$ $s_{n}^{b}$
$k_{j}$ $(t^{a})^{k_{j}}=(t^{k_{j}})^{a}$
$[a,b]=(b^{-1})^{a}b=((t_{i_{1}}^{\ell_{1}}\cdots t_{i_{n}}^{\ell_{n}})^{a})^{-1}b=(*)((t_{i_{1}}^{a})^{\ell_{1}}\cdots(t_{i_{n}}^{a})^{\ell_{n}})^{-1}b$ Bob
$=a^{-1}a^{b}=a^{-1}((s_{i_{1}}^{k_{1}}\cdots s_{i_{n}}^{k_{n}}))^{b}=a^{-1}(s_{i_{1}}^{b})^{a_{1}}\cdots(s_{i_{l}}^{b})^{al}$ Alice fiif
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